Experimental
Titration of Aβ 28 , AcAβ 28 and Aβ 40
All the synthetic peptides were bought from GeneCust (Dudelange, Luxembourg), with purity grade > 95%. Stock solutions of the Aβ 28 (sequence DAEFRHDSGYEVHHQKLVFFAEDVGSNK) and Ac-Aβ 28 (sequence AcDAEFRHDSGYEVHHQKLVFFAEDVGSNK), peptides were prepared by dissolving the powder in milliQ water (resulting pH ≈ 2). Peptide concentration was then determined by UV-visible absorption of Tyr10 considered as free tyrosine (at pH 2, (ε 276 -ε 296 ) = 1410 M -1 cm -1 ). Stock solution of Aβ 40 peptide (sequence DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV) was prepared by dissolving the powder in NaOH (50 mM) and purifying the solution in FPLC. The peptide concentration was then determined by UV-visible absorption of Tyr10, considered as free tyrosine ((ε 293 -ε 360 ) = 2400 M -1 cm -1 ) in NaOH (50 mM, resulting pH ≈ 13).
Proteolytic digestion
The solution of Aβ was filtered using Amicon 3 kDa centrifugal device (Millipore) by centrifugation for 15 min at 13500 rpm, then washed and centrifuged twice with 200 μL sodium hydrogenocarbonate (100 mM, pH 8). The concentrated sample (approx. 50 μL) was recovered and transferred to an Eppendorf ProteinLoBind 1.5 mL vial. Trypsin (0.05 ng/μL in formic acid 0.1%) was added to obtain a Aβ/trypsin ratio of 20/1 (w/w) and digestion was carried out at 37°C for 3h in a Thermomixer (Eppendorf), 10 s mixing at 750 rpm every min.
Mass spectrometry High Performance Liquid Chromatography / Mass Spectrometry (HPLC/MS) analysis was performed on an iontrap mass spectrometer (LCQ DECA XP Max, ThermoFisher), equipped with an electrospray ionization source, coupled to a SpectraSystem HPLC system. Sample (10 µL of Aβ tryptic digest) was injected onto the column (Phenomenex, Synergi Fusion RP-C18, 250 × 1 mm, 4 µm), at room temperature. Gradient elution was carried out with formic acid 0.1% (mobile phase A) and acetonitrile/water (80/20 v/v) formic acid 0.1% (mobile phase B) at a flow-rate of 50 µL.min -1 . The mobile phase gradient was programmed with the following time course: 12% mobile phase B at 0 min, held 3 minutes, linear increase to 100% B at 15 min, held 4 min, linear decrease to 12% B at 20 min and held 5 min. The mass spectrometer was used as a detector, working in the full scan positive mode between 50 and 2000 Da followed by data dependent scans of the two first most intense ions, with dynamic exclusion enabled. Isolation width was set at 1 Da and collision energy at 28% (units as given by the manufacturer), using wideband activation. The generated tandem MS data was searched using the SEQUEST algorithm against the human Aβ peptide sequence. Dynamic modifications were specified according to the expected mass shift due to the Aβ peptide oxidation (Supporting Information, Table s1 ). The same operating conditions (column and mobile phase gradient) were used to carry out high resolution mass spectrometry (HPLC/HRMS) experiments, by using a LTQ-Orbitrap XL mass spectrometer (ThermoFisher Scientific, Les Ulis, France) coupled to an Ultimate 3000 LC System (Dionex, Voisins-le-Bretonneux, France). The Orbitrap cell was operated in the full-scan mode at a resolution power of 60 000. HPLC/HRMS was also used to check for digestion efficiency, systematically found close to100 % (non-digested peptide not detected).
HPLC
High Performance Liquid Chromatography analysis was performed on an Agilent 1200 series device (Agilent technologies) equipped with a DAD detector. Sample (10 µL) was injected onto the column (Acclaim 120 C18, 50 × 3 mm, 3 µm, ThermoScientific), at room temperature. The gradient elution was carried out with formic acid 0.1% (mobile phase A) and acetonitrile/water (80/20 v/v) formic acid 0.1% (mobile phase B) at a flow-rate of 0.5 mL.min -1 . The mobile phase gradient was programmed with the following time course: 5% mobile phase B at 0 min, held 3 minutes, linear increase to 55% B at 8 min, linear increase to 100% of B at 9 min, held 2 min, linear decrease to 5% B at 12 min and held 3 min. Aβ28 was detected with the absorption of Tyr10 at 276 nm. Tables   Table S1 : Monoisotopic masses used for high resolution mass spectrometry. Monoisotopic apparent masses (m/z in Th) of mono-, di-and triply-protonated ions of the tryptic peptides of oxidized Aβ 16 ; +16 accounts for the formal addition of one oxygen atom during oxidation (conversion of Histidine into oxohistidine). Figure S8 and S9. Figure S1 : Quantification of the oxidized Aβ peptide. UV spectrum of oxidized Aβ 28 (black curve) and cubic spline interpolation (blue curve) to subtract the background absorbance of unknown origin from Tyr absorption. Figure S2 : Trace chromatogram of Aβ28 (60 µM) after 30 min in the presence of Cu (50µM) (blue curve) or Cu (50 µM) and ascorbate (0.5 mM) (black curve) in phosphate buffer pH 7.4 (50 mM). Aβ 28 is detected by UV-Visible spectroscopy with the absorption of the Tyr10 at the wavelength of maximal absorption at acidic pH (276 nm).
Position

Identification of Asp1 oxidation was performed by high-resolution mass spectrometry on monoisotopic masses of the tryptic peptides because MS/MS spectra were not enough informative: (1) too small peptides are usually fragmented as monoprotonated ions, leading to poor quality MS/MS spectra and (2) the terminal arginine residue of DAEFR blocks the proton mobility during MS/MS experiment, resulting in the absence of b ions (important for Asp1 mass shift determination). For the identification of His oxidation, see the MS/MS spectra in
Peptide
The trace chromatogram of the oxidized Aβ 28 ( Figure S2 , black curve) shows the presence of several species unlike non-oxidized Aβ 28 ( Figure S2 , blue curve). Indeed, the single peak in Aβ 28 chromatogram indicates that only one species is present in the sample while several peaks including a broad one are observed in the oxidized Aβ 28 sample, indicating that several oxidized species are present in the mixture. Mass tolerance set at 5 ppm; m/z ratios used for detection are specified in Table S1 . Mass tolerance set at 5 ppm; m/z ratios used for detection are specified in Table S1 . Mass tolerance set at 5 ppm; m/z ratios used for detection are specified in Table S1 . 
